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FOREWARD 


The  work  reported  herein  was  conducted  in  accordance  with  Basic 
Agreement  DOT-FH-11-861 1 ,  Task  Order  Number  Three,  and  in  confor- 
mity with  the  DOT  reporting  requirements,  DOT-TST-75-97 .  The 
research  reported  herein  was  conducted  during  the  time  period 
of  February  1978  through  April  1979.    This  document  covers  the 
research,  field  test  work  and  conclusions  reached  in  relation 
to  experimental  roadway  delineators. 


NOTICE 


This  document  is  disseminated  under  the  sponsorship  of  the  Depart- 
ment of  Transportation  in  the  interest  of  information  exchange. 

This  report  does  not  constitute  a  standard,  specification  or  regu- 
lation. 

The  United  States  Government  assumes  no  liability  for  the  con- 
tract or  use  therof. 
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SUMMARY 


Highway  post  mounted  delineators,  in  addition  to  edge  and  center  stripes 
and  other  signs,  are  used  to  provide  the  motorist  with  information  about  the 
roadway  ahead,  such  as  width,  grade  and  alignment.     Under  conditions  of  darkness 
or  other  periods  of  reduced  visibility,  the  use  of  ref lectorized  delineators 
leads  to  increased  travel  speed  and  driver  awareness. 

Traditionally,  the  most  common  post-mounted  delineators  have  been  either 
4"  X  4"  squares,  4"  x  6"  rectangles,  or  3"  circular  delineators,  with  limited 
use  of  larger  signs.     Relatively  few  in-depth  studies  have  been  conducted  to 
evaluate  the  effectiveness  of  the  various  forms  and  most  of  these  have  dealt 
with  limited  aspects  of  specific  delineation  treatments.     The  use  of  post- 
mounted  delineators  as  part  of  an  overall  system  for  roadway  delineation 
has  received  little  attention. 

For  certain  types  of  roadway  conditions,  standard  delineation  treatments 
have  not  been  effective  in  preventing  run-of f-the-road  accidents.  Consequently 
it  has  been  felt  that  variations  in  size,  shape,  design  and  spacing  could  lead 
to  a  significant  reduction  of  this  type  of  accident.     To  test  this  hypothesis, 
this  organization  developed  a  program  to  install  and  evaluate  a  number  of 
non-standard  post-mounted  delineators  which  have  not  previously  been  analyzed 
through  objective  analytical  procedures. 

The  scope  of  this  project  was  limited  to  the  design,  installation,  and 
evaluation  of  four  types  of  post-mounted  delineators  on  twenty  selected  sections 
of  highway.     These  twenty  installations  were  evaluated  for  their  relative  effect- 
iveness in  reducing  total  accidents,  night  accidents,  and  total  run-of f-the-road 
accidents,  with  special  emphasis  on  nighttime,  run~of f-the-road  accidents.  The 
installation  of  the  delineators  resulted  in  a  32.9%  reduction  of  the  night-time 
run-of f-the-road  accidents  for  the  entire  project,  which  was  statistically  signi- 
ficant at  the  80%  level  of  confidence. 

The  limited  findings  of  this  report  suggest  that  improved  delineation  of 
specific  areas  of  highways  in  general  could  lead  to  an  overall  reduced  level 
of  accidents  and  to  marked  reductions  of  specific  types  of  accidents.    The  study 
findings  also  suggest  that  well  delineated  highways  are  more  asthetically  pleasing,  and 
pleasant  to  drive  upon,  especially  at  night. 
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DISCUSSION 


In  February  of  1978,  the  Planning  and  Research  Bureau  of  the  Montana 
Department  of  Highways  entered  into  a  contract  with  the  Federal  Highway 
Administration  to  investigate  experimental  post-mounted  delineation.  The 
contract  specified  the  selection  of  four  delineator  configurations  and  five 
study  evaluation  sections  for  each  configuration,  for  a  total  of  twenty  study 
evaluation  sections. 

In  the  selection  of  delineator  configuration  a  variety  of  sizes, 
colors,  shapes  and  designs  were  considered.     A  closely  related  factor  which 
was  considered  and  analyzed  was  the  side-of-road  spacing  of  the  delineators. 

All  delineators  were  installed  according  to  the  Montana  Department  of  Highways 
standard  specification  as  to  mounting  height,  placement  in  regard  to  shoulder 
lines,  slopes  and  degree  of  the  highway  curves  involved.    Typical  details  for 
the  post  mounted  delineators  are  located  on  pages  21,  22,  23    and  24  of  the 
Appendix.     Straight  line  diagrams  exhibiting  installation  locations  follow  the 
appropriate  typical  sketch.     Photographs  depicting  at  least  one  roadway  section 
of  each  configuration  of  delineator  are  included  in  the  appendix. 

TYPE  I 

Type  I  of  the  post  mounted  delineators  was  designed  for  use  on  flat, 
shallow  curves  and  adjoining  tangent  sections  of  roadway,     A  delineator  design 
of  intermediate  size  (6"  x  12"  -  larger  than  current  standards  but  smaller 
than  the  others  in  this  study)  was  desired  because  of  the  longer  lengths  of  road- 
way generally  accompanying  this  type  of  highway  design.     The  design  incorporated 
a  4"  black  dot  superimposed  on  a  silver  high  intensity  ref lectorized  surface. 
With  a  smaller  configuration,  the  cost  of  future  projects  using  this  style  of 
delineator  could  be  minimized. 

TYPE  II 

A  large  variety  of  highway  alignments  were  used  as  study  sections  for 
Type  II  post  mounted  delineators.     These  ranged  from  a  straight  roadway 
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containing  a  bridge  to  several  sharp  curves.    Thi.s  style  of  delineator 
measures  12"  x  36"  and  consists  of  alternating  high  intensity  reflector- 
ized  yellow  and  black  diagonal  stripes. 

TYPE  III 

Type  III  post  mounted  delineators  were  used  on  curved  and  serpentine 
segments  of  roadway.     The  design  of  this  delineator  is  a  variation  of  the 
standard  Xl-1  'Object  Marker'   (12"  x  36"  -  high  intensity  ref lectorized 
silver  and  black  diagonal  stripped).     In  our  variation,  two  4"  x  4"  silver 
rhombus'  are  superimposed  over  two  black  stripes  of  the  standard  sign  as 
shown  on  the  typical  detail,  page  23.    The  addition  of  the  two  ref lectorized 
'silver  rhombus'   is  felt  to  yield  a  more  dramatic  sign. 

TYPE  IV 

The  Type  IV  was  used  exclusively  on  single  curves  or  on  multiple  'S' 
type  curves.     The  newly  introduced  Wl-8  Chevron  Alignment  Sign  (a  24"  x  30" 
high  intensity  ref lectorized  yellow  sign  with  a  black  arrow)  was  chosen  to 
test  the  effectiveness  of  the  new  design. 

In  the  selection  of  the  twenty  highway  sections  involved  in  the  review, 
an  existing  computer  'accident  cluster  area'  program  was  utilized.     The  program 
searched  the  State  maintained  Primary  and  Secondary  Highway  systems  and  identi- 
fied sections  of  roadway,  one  mile  in  length,  where  eight  or  more  nighttime 
run-of f-the-roadway  accidents  had  occurred  over  a  five  year  period.     Areas  where 
reconstruction  would  occur  within  the  next  five  years  were  omitted  to  permit 
continued  uninterrupted  surveillance  of  the  delineator  performance. 

The  accident  records  for  the  one-mile  segments  were  then  examined  to  identify 
specific  problem  areas  or  locations,  which  often  condensed  the  section  of  roadway 
for  which  delineators  were  required.    This  reduced  the  mileage  involved  and 
afforded  greater  accuracy  in  the  evaluation.    Department  personnel  conducted  a 
field  survey  of  these  shorter  highway  sections  and  defined  the  delineator 
post  locations  at  the  same  time.     Posts  and  delineators  were  later  installed  by 
Department  of  Highways  maintenance  forces. 
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EVALUATION 


The  Before  and  After  Study  method  was  used  to  evaluate  the  effectiveness 
of  the  project.     This  procedure  calls  for  the  collection  of  pertinent  data 
for  a  specific  period  before  and  after  the  improvement  is  made.     The  optimum 
time  frame  for  data  analysis  would  be  for  equal  before  and  after  time  periods 
of  at  least  three  years. 

In  order  to  make  the  statistical  tests  as  significant  as  possible,  all 
available  accident  and  traffic  data  was  utilized.     The  accident  data  for  the 
'before*  period  ranged  from  41  months  to  69  months  with  an  average  of  63.7 
months.    As  specified  in  the  study  contract,  the  project  completion  data  was 
set  for  June  30,  1979  with  a  possible  two  year  extension.    Therefore,  the  'after' 
analysis  period  ranges  from  4  to  37  months  with  the  median  falling  at  6  months. 
The  study  staff  felt  the  'after'  period  should  have  been  longer,  but  was  limited 
in  this  regard  by  a  provision  in  its  contract  with  the  FHWA. 

Rate-related  calculations  were  chosen  since  annual  ADT  values  are  available 
and  the  rate  formula  used  tends  to  equalize  the  dissimilarities  of  the  before 
and  after  time  periods.    Analysis  was  performed  for  four  catagories  of  accidents 
including  a)  run-of f-the-roadway ,  b)  nighttime,  c)  nighttime  run-of f-the-roadway 
and  d)  total.    For  these  four  groups  of  accident  data,  calculations  were  made  to  obtain 
the  numbers  of  accidents  and  accident  rates  for  each  study  area. 

The  accident  rate  formula  is: 

Accident  Rate  =  Total  Numbers  of  Accidents  x  1,000,000  

(ADT)  X  (Length  of  Roadway)  x  (No.  of  Months)  x  12 

The  values  derived  from  the  above  equation  are  presented  in  Tables  II,  III  and  IV. 

All  highway  evaluation  sections  were  first  analyzed  individually,  then  were 
combined  by  each  type  of  delineator,  and  finally  were  combined  for  the  project 
as  an  entirety. 
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Calculation  of  the  percent  change  in  accident  rate,  as  presented  in  Table  VI, 
was  based  upon  the  historic  expected  rate  of  increase  in  accidents.  These  percent 
changes  are  employed  in  the  Poisson  Test  of  Statistical  Significance.  The  formula 
used  to  determine  these  valiies  is: 

Percent  Change  of  Rate  ^  Bi  -  Ai  x  100 

B. 

where    Ai  =  After  accident  rate 
Bi  =  Before  accident  rate 

The  80%  level  of  confidence  for  the  Poisson  Test  was  used,  based  on  the 
consideration  that  this  was  a  relatively  low  cost  program.     The  significance 
test  was  performed  on  each  of  the  four  accident  groups,  for  each  type  of 
delineator.  , 

An  economic  justification  analysis,  using  the  Benefit-Cost  Method  was 
conducted  on  the  night  time  run  off  the  road  where  the  categoric  reduction  was 
most  significant.     The  estimated  service  life  of  the  project  was  10  years  with 
the  assumption  of  a  negligible  salvage  value.     The  assumed  interest  rate  was  8%. 
The  annual  cost  for  the  overall  project  maintenance  was  estimated  at  $2,000.00. 
Costs  for  preliminary  investigations  and  initial  installations  were  $23,117.68. 

The  accident  cost  figures  used  in  the  economic  analysis  were  those  established 
by  the  National  Safety  Council  (1977)  of  $125,000  for  each  fatality,  $4,700  for 
each  injury  (independent  of  severity),  and  $670  for  each  property  damage  accident. 

The  desired  units  of  effectiveness  revolve  around  accident  reduction.  There- 
fore, the  number  of  fatal,  injury  and  property  damage  accidents  that  were  reduced 
annually  are  used  in  the  calculation  of  annual  benefits  rather  than  the  number 
of  fatalities  or  personal  injuries. 

The  capital  recovery  factor  was  calculated  using  the  following  equation: 

CR^  =  id  +  i)*^ 

n  — ^= —  ^  -  -  -■- 

(1  +  JT)""  -1 
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where,  i=  assumed  interest  rate  .     ,  -\ 

n=  the  service  life  of  the  project 

1  10 
CR        .08  (1 .08) 

"    10 ~ 

(1.08)^"  -1 
=  0. 149  ;  : 

The  Equivalent  Uniform  Annual  Benefits  (EUAB)  was  calculated  using  the 
following  equation; 

EUAB  =  CR^r""  (B  PW^) 
n'— 1      m  m 

where : 


m  =  number  of  years  of  after  data 

B    =  benefit  for  'm'  year 
m .  ^ 

PW    =  Present  worth  factor  for  'm'  year  at  a  interest  rate  i 


1 


(1  +/)"^ 
4/ 

PwJ  =         1       =  0.962 
(1.08)'^ 


B^  =  125,000  (Af)  +  4700  (Ai)  +  670  (Apd) 
where:     Af=  annual  fatal  accidents  reduced  ~  0.12 
Ai=  annual  injury  accidents  reduced  -  4.51 
Apd=  annual  property  damage  accidents  reduced-  .').95 
Bm  =  38,843.50 

EUAB  =  (0.149)  (38,843.5)  (0.962) 
=  5567.75 

The  Equivalent  Uniform  Annual  Cost  (EUAC)  was  calculated  using  the 
following  equation. 


EUAC  =  (CR^)  +  -(T)(SF^) 
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where : 


1  =  initial  cost  of  tho  project 
i  =  assumed  interest  rate 
n  =  service  life  of  the  project 
T  =  terminal  value 
K  =  annual  cost  for  maintenance 


EUAC  =  (23,117.68)  (0.149)  +f2,00^|0 
=  5444.53 


The  Benefit  Cost  ratio  was  calculated  using  the  following  equation: 


B  =  EUAB  =  5567.75  =1.02 
C      EUAC  5444.53 


The  benefits  of  this  project  outweigh  the  costs  incurred. 
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CONCLUSIONS 


KlKLl)  INVESTIGATION 

From  the  nighttime  field  investigation  of  all  study  areas  in  August  of  1978, 
it  was  the  visual  observation  of  study  personnel  that: 

1.  Installation  of  the  Type  I  delineator  (6"  x  12"  silver  with  a  black 
dot)  on  variable  spacing  intervals,  not  in  conformance  with  the 
standard  fixed  length  interval,  was  necessary  in  order  to  be  visually 
effective . 

2.  The  installation  of  the  Type  II  and  Type  III  delineators  (12"  x  36" 
diagonally  striped)  on  variable  spacing  intervals  was  visually 
effective. 

3.  It  was  the  opinion  of  the  study  staff  that  the  visual  effect  of  the 
Type  IV  (Chevron)  would  be  enhanced  if  the  signs  were  installed 

at  closer  intervals. 

4.  The  high  intensity  reflector  material  used  on  all  of  the  delineators 
was  clearly  more  visible  than  standard  materials. 

ACCIDENT  HISTORIES  ' 
A  comparison  of  the  accident  histories  for  the  64  month  before  period  and  the 
relatively  short  8  month  after  period,  for  each  type  of  delineator  as  grouped 
was  performed  in  April  of  1979.     The  majority  of  the  areas  show  a  reduction 
in  the  nighttime  run-of f-the-road  accident  rates.     It  was  also  shown  that  these 
delineators  had  a  positive  effect  in  reducing  all  accidents,  including  those  wliich 
occurred  in  the  daylight  hours.     Table  IV  shows  the  before  and  after  accident 
rates  along  with  the  percentage  change. 

It  is  the  opinion  of  the  evaluators  that  the  average  six  to  eight  month  period 
of  'after'  accident  data  was  not  sufficiently  long  to  effectively  and  accurately 
evaluate  the  areas  involved.     It  would  be  desirable  to  have  equivalent  before  and 
after  time  periods  for  accident  data  with  a  minimum  of  3  years  for  each  time 
period.     Therefore  an  extension  of  the  time  period  for  the  project  is  recommended. 
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Results  of  the  accident  studies  tor  the  var i ous  de 1 i ne.il or-st udy  sections  are  as 
follows : 

I.  Although  evaluation  of  all  the  Type  I  delineator  study  areas  indicated  an 
overall  increase  in  the  nighttime  run-of f-the-road  accident  rate  of  13%, 

there  was  a  decrease  of  19%  in  the  overall  total  run-of f-the-road  accident  rate. 
Two  of  the  areas  involved  in  this  group  experienced  no  run-of f-the-road  accidents. 
This  type  of  delineator  appears  to  be  particularly  effective  on  tangent,  straight 
sections  of  roadway. 

II.  The  Type  II  delineator  showed  the  greatest  overall  reduction  of  accidents 
with  a  complete  elimination  of  run-of f-the-road  accidents  in  all  five  study 
areas.     There  was  also  a  significant  reduction    in  the  total  accident  rate. 
The  performance  of  this  delineator  was  clearly  better  than  the  other  three 
tested. 

III.  There  was  a  statistically  significant  reduction  in  the  nighttime  run- 
of  f-the-road  accident  rate  for  Type  III  delineators.     One  of  the  study  areas 
in  this  group  (Coram-Hungry  Horse)  showed  an  increase  for  both  total  and 
daytime  run-of f-the-road  accident  rates.     When  this  one  study  area  is  removed 
from  the  total  group,  significant  reductions  of  the  accident  rates  for  the 
remaining  four  study  areas  was  noted  (shown  in  Table  V).     There  was  no  obvious 
reason  or  explanation  why  the  Coram-Hungry  Horse  study  section  ran  counter  to 
the  trend  of  this  group.     Further  investigation  of  the  area  will  be  conducted. 

IV.  The  Chevron-Type  IV  delineator  indicated  significant  reductions  in  the 
total  nighttime,  nighttime  run-of f-the-road ,  and  total  run-of f-the-road  accident 
rates.     Reductions  of  51.5%,  52.0%,  and  21.2%,  respectively,  were  noted,  all  of 
which  were  statistically  significant. 

In  the  opinion  of  the  evaluator,  using  all  available  data,  the  study  objectives 
were  clearly  fulfilled  by  the  type  II,  III  and  IV  post  mounted  installations. 
This  is  evidenced  by  the  nighttime  run-of f-the-road  accident  ralo  recluctions  ol 
100%,   17.0%,  52%  and  33%  for  delineator  Types  IJ,   111,   IV  and  ALL  types  respec- 
tively.    All  were  statistically  significant  at  the  80%  level  of  confidence. 
Furthermore  a  benefit-cost  ratio  of  1.02  was  achieved.     This  ratio  was  calcu- 


-9- 


lated  based  upon  the  reduction  of  nighttime  run-off -the-road  accidents  since 
this  was  the  objective  of  the  program.     The  Type  I  delineator  was  of  marginal 
value  in  accomplishing  the  study  objective. 

The  results  of  this  evaluation  indicate  that  the  experimental  project  was 
successful  in  reducing  nighttime  run-of f-the-road  accidents. 
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TYPICAL  DETAILS 


LOCATION  PLANS 


TYPE  I  DESIGN 


H/GH  ///r£A/s/ry  s/i  V£/^ 

SACMGAOUA/D 


FLV/m  POST 


¥"D/A.  SLACK  DOT 


TYF/CAL   D£L  /A/£A  70/^  Pi  A  CLM£N  T 


.2-6  V>»R. 


J7{-  Vv:.'.'.'  \ 


/'OST  DEPW  2* 


DRAU/NG  NOT  TO  SCALE 
 ±I± 
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TYPE 


DESIGN 


HIGH  INTEUSITY  VELLOU 
L/JTH  BLACK  STR/P/A/G 


FLY/A/G  -\J- PO'bT 


TYPICAL   DELINEATOR  PLACEMENT 


2-6  VaR 


POST  DEPTH  t 


T 
i 


DRA\^/NQ>  NOT  TO  5CALE 
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TYPE 


DESIGN 

U—  12.  -»-| 


HIGH  /NTENSITY  SILVER 
UITH  BLACK  STR/P/NG 


nV/NG  \r  POST 


Ml 


TYPlCkL  D£LIA/£ATOR  PLACEMMT 


P05TD£:Fm  a 


.  /I 


O/^AU/A/G  NOT  70  SCALE 
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NO  SCALE 


SUBJECT 


SPECIAL  DELINEAT/ON  PROJECT 


LOCATION 

U.S.  ?3  ifAP  7) 


/USSOULA 


LOLO 


MILE  MARKER 

FROM  =  d\<P  

TO  : 


SIGN  TYPE 


I 


-25- 


A 


1 


NO  SCALE 


SUBJECT 

SPECIAL  DELINEATION  PROJECT 

LOCATION 

NEAR  RED  LODGE 

MILE  MARKER 

SIGN  TYPE 

FROM  :  70,P.Q 

I 

|tO      •  7(.0 

-26- 


o 

QQ 

§ 

o 

K 


-J 
in 


W 


SUBJECT 


SPECIAL  DELINEATION  PROJECT 


LOCATION 


U.^.Z(fAPi)  KALI5PELL  NORTH 


MILE  MARKER 
FROM  '  A^?,0 
TO      '  . 


SIQN  TYPE 


I 


-28- 


NO  5CALE 


SUBJECT 

S/'fC/AL  DELINEMION  PROJECT 

LOCATION 

(75.73  (rAPb)    /1/S'oOULA  -  £\/ARO 

MILE  MARKER 

SIGN  TYPE 

FROM  «  r??fl 

I 

TO      •  fi.OQ   

-29- 


NO  ZCALE 


SUBJECT 


SPECIAL  DELINEATION  PROJECT 


LOCATION 

^5.  7J.  [fapt]  MIS'^OU la —RAVALLI 


MILE  MARKER 
FROM  '  ^H,7 
TO      =  ^5.7. 


SIGN  TYPE 


-31- 


NO  SCALE 


SUBJECT 


SPECIAL  DEL/NEKfm  PROJECT 


LOCATION 


ARLEE 


/^/SSOULA 


MILE  MARKER 
FROM  '  n.i 
TO  ' 


SIGN  TYPE 


-32- 


-33- 


SUBJECT 

SPECIkL 

DELINEATOR  PROJECT 

LOCATION 

U.S.l2(fAP8} 

TOWNSEND"  HELENA 

NO  SCALE 

MILE  MARKER 

[SIGN  TYPE 

FROM  •■ 

TO     :  7^,y  , 

1 

-34- 


NO  5C ALC 


SUBJECT 


SPECIAL  DELI N£k7 ION  PROJECT 


LOCATION 

MONTANA  200  CfAPa^)   RAINBOVJ  BEND 


MILE  MARKER 

FROM  •■  ^.^  

TO       ■■  q.O  ^ 


SIGN  TYPE 


-35- 


5^'  SPAC/A/G 


SPECIAL  DELINEATION  PROJECT 


VO  SCALE 


LOCATION 

NEAR 

BIG  SKY 

MILE  MARKER 
FROM  :    50.  4 

TYPE  t 

TO      :    .«;/  / 

jSIGN 

-iir_  1 

-36- 


5(9"  SPAUNG 


NO  SCALE 


SUBJECT 

sr£ciAL  onmATioN 

PROJECT 

LOCATION 

U.S.93(fAP5)  RONAN 

POLSOA/ 

MILE  MARKER 

FROM  :  5^.^ 

TO      :  57,2  , 


SIGN  TYPE 


-37- 


50'  SPACIHG 


%  SPAC/A/G 


SPECIM  DEUNEMION  PROJECT 


NO  SCALE 


LOCATION 

U.S. II  {fapih) 


£AS>T  Of  TOL/A/S£hlD 


MILE  MARKER 

FROM  •■  6.^  

TO  ■■—U.  


SIGN  TYPE 


-39- 


-40- 


SUBJECT 

SPECIAL  DELINEATION  PROJECT 


LOCATION 

U.S.'id  {far?)   niSSOULA  LOLO 


MILE  MARKER  1  SIGW  TYPE 

FROM  '^3^  

TO      =-  66.7  


-41- 


-42- 


SUBJECT 

SPECIAL  D€UN£AT/ON  P^JECT 

LOCATION 

IAOHrANAS^(M/>%iL)  BfG FORK- SO/AIRS 

NO  SCALE 

MILE  MARKER 

FROM  -^JLL  

TO  5.5   

SIGN  TYPE 

-43- 


-44- 


